We made an attempt to isolate and purify metagenomic DNA from chitin enriched soil. In this communication we report a modified direct lysis method for soil DNA extraction including initial pre-lysis washing of sample, followed by a rapid polyvinylpyrrolidone-agarose-based purification and electroelution of DNA using Gene-capsule TM assembly. Rapidity was achieved using low molarity conducting media (sodium-borate buffer) for electrophoresis by reducing run time for both the gel electrophoresis and electroelution. Extracted DNA was sufficiently pure and of high quality, evidenced by amplification of 16S rDNA and chitinase genes by PCR. Metagenomic nature of the DNA was confirmed by running V3 (16S rDNA) region amplicons using denaturing gradient gel electrophoresis. This method requires 30 min for purification, and less than 2 h for complete execution of protocol and becomes the first report on the isolation of metagenomic DNA from soil naturally enriched for chitin.
Introduction
Chitin is widely distributed across diverse environments as constituent of several organisms, including fungal cell walls, exoskeletons of insects, the shells of crustaceans, and the microfilarial sheath of nematodes. It is the second most abundant natural polymer on earth. Hydrolysis of the glycosidic bonds of chitin by chitinases is probably the most important pathway of degradation of chitin in soil. The importance of chitin and its derivatives in agricultural, environmental, medicinal and biotechnological fields led to establishment of industries for production of chitin, chitosan and their derivatives. The production waste from such industries contains a large amount of chitin that contributes to the enrichment of chitinolytic microorganisms over a period of time in the dumped soils. To capture genes produced by chitinolytic bacteria from soil naturallyenriched with chitin, a culture-independent approach provides the best access by isolating soil metagenome. Isolation of chitinase sequences-targeted metagenome of aquatic ecosystems (Cottrell et al. 1999) inter-tidal hot springs (Terahara et al. 2009 ), antarctic lake sediments (Yasir et al. 2009 ), arable soil (Hobel et al. 2005) and vermicompost (Xiao et al. 2005 ) was known but no attempts were made from industrial soil that are naturally-enriched for chitin. To enhance the chitinase gene diversity for industrial applications we have characterized chitinolytic bacterial diversity from selected industrial soil samples (Das et al. 2010 ) and also used domain swapping .
Metagenomic DNA isolation was carried out basically by two different approaches. Either the cells were separated from the environmental samples prior to the cell lysis (indirect extraction) or cells were lysed within the environmental samples (direct cell extraction). Direct lysis method is rapid for analysis of soil microbial community (Tsai & Olson 1991; Zhou et al. 1996; Ikeda et al. 2004; Desai & Madamwar 2007) . Rajendran & Gunasekaran (2008) discussed various strategies for accessing soil metagenome.
In this study we have developed a modified isolation (Ikeda et al. 2004 ) and purification (Young et al. 1993 ) method for extraction of soil metagenomic DNA from dump yards of industry having a history of 10 years in chitin production to further enrich chitinase gene diversity.
Material and methods
Sample sites and method Soil samples were collected from the dump yards of a chitin/chitosan producing company, Mahtani Chitosan (MC) Pvt., Ltd., Gujarat, India. A total of 6 samples were Isolation of community DNA from chitin-rich soil 645 collected from site. Soil was sampled in each location from a depth of 2-10 cm, without the surface soil and immediately transported to the laboratory and stored at 4
• C until further process.
Soil metagenomic DNA isolation
The DNA isolation from soil samples was based on a direct lysis method (Ikeda et al. 2004 ) with modifications. Soil sample (10 g) was initially washed with pre-lysis washing buffer (phosphate buffer, 20 mM EDTA, pH 8.0) (He et al. 2005 ), vortexed at high speed for 30 s and centrifuged (10,000×g; 1 min). The pellet was resuspended in 5mL of DNA extraction buffer (500 mM Tris (pH 8.0), 100 mM EDTA, 100 mM NaCl, 2% SDS, 10 mg skim milk powder/g [soil weight]) and 5 mL of 300 mM sodium phosphate buffer (pH 8.0) and 5 g of glass beads (High-Media, Mumbai) in 50 mL oakridge tubes and vortexed for 5 min at maximum speed. Supernatant was collected after centrifugation (12,000×g; 5 min) and mixed with 0.2 vol of 8 M potassium acetate and incubated for 10 min at 28
• C. Samples were centrifuged (12,000×g; 5 min) again and to the supernatants 0.6 vol of isopropanol was added and mixed well. After incubation for 10 min at 28
• C, samples were centrifuged (12,000×g; 10 min) and obtained DNA pellets were washed with 70% ethanol and dried pellet was resuspended in sterile Milli-Q water (200 µL).
Rapid purification by polyvinylpyrrolidone-agarose gel electrophoresis For purification a 0.8% agarose (USB, USA) gel was prepared with 2% polyvinylpyrrolidone (PVP) (SRL, Mumbai) in first half and no PVP in the second half of the gel using 1X sodium borate buffer. Electrophoresis was performed in the same buffer at 20 V/cm for 20-25 min. Electroelution of DNA from second half of the gel was carried out for 5-8 min using Gene-capsule assembly TM (G Biosciences, USA) following the manufacturer's instructions.
Purity and yield determination
Purity of the extracted DNA was determined using absorbance ratios at 260/230 nm and 260/280 nm with Nanodrop spectrophotometer (USA). Quality and intactness of the isolated DNA was checked on 0.8% agarose gel. All agarose gel electrophoreses were carried out using 10 mM sodium borate buffer (1X).
Sau3A restriction of metagenomic DNA Restriction digestion was done using 0.4 U of Sau3A enzyme for 5 µg of purified DNA at 37
• C for 30 min. Digested samples were electrophoresed in 0.8% agarose gel for 25 min.
Amplification of 16S rRNA and chitinase A genes
The quality of the soil metagenomic DNA extract was assessed through PCR. The target genes for PCR amplification included the 16S rRNA gene using universal primer set 372F: 5'-TACGGGAGGCAGCAG-3' and 1491R: 5'-TACCTTGTTACGACTTCA-3' and chitinase A (Chi-A) gene (Hobel et al. 2005) : F: 5'-ACGGCGTGGACATCGAYTGGGART-3' and R: -5'-CCCAGGCGCCGTAGARRTCRTARSWCA-3'.
The PCR reaction (total volume 25 µL) consisted of 1 µL of DNA template (50 ng), 2.5 µL of 10X PCR buffer, 1 µL of 10 mM dNTPs mix (Fermentas, USA), 10 pM of primers, 1 U of Dnazyme II (Finnzymes, Finland) with following cycling conditions: (i) 16S rRNA gene: 4 min at 95 Amplification of V3 (16S rDNA) region and denaturing gradient gel electrophoresis analysis The universal bacterial primers targeting 16S rDNA V3 variable region, F338gc and R518 were used to amplify fragments sized about 200 bp (Muzyer et al. 1993 ). The GCclamp was added to the F338gc primer to enable denaturing gradient gel electrophoresis (DGGE). PCR was run in 0.2 mL tubes using 50 µL reaction volumes. The reaction mixture contained 2 µL of template, 500 nM of both the primers, 200 mM of each nucleotide (Fermentas, USA), 1X PCR buffer, including 1.5 mM MgCl2 and 2 U of Dnazyme II (Finnzymes, Finland). The template was substituted with ultrapure water in the negative control. Initial denaturation was at 94
• C for 45 s, amplification was carried out using 30 cycles including denaturation at 94
• C for 45 s, annealing at 55
• C for 45 s and DNA extension at 72
• C for 60 s; final extension at 72
• C for 6 min. An aliquot of 5 µL of the PCR product was run in 1.5% agarose gel at 300 V for 20 min.
DGGE was carried out using a DCode Universal Detection System instrument according to the manufacturer's instructions (Bio-Rad, USA). The acrylamide concentration in the gel was 8% and the denaturing gradient was 30-70%. The 100% denaturant solution contained 7 M urea, 40% v/v formamide, 8% acrylamide : bis-acrylamide (37.5:1) and 0.5X TAE buffer in Milli Q water. The 0% denaturant solution contained 8% acrylamide : bisacrylamide (37.5:1) and 0.5X TAE buffer in Milli Q water. A 2-cm gel without denaturant was cast on top of the gradient gel for wells.
The concentration of ammonium persulphate was 0.03% w/v and of TEMED 0.15% v/v. PCR products 20 µL were mixed with loading dye 0.08%, w/v, bromophenol blue, 0.08%, w/v, xylene cyanol, and 30%, v/v, glycerol and transferred to the bottom of the well. Gels were run in 0.5X TAE at 60
• C for 16 h at 70 V. Gels were stained with ethidium bromide (0.5 µg/mL) and pictures were documented using UVP-Gel documentation system (UK).
Results and discussion
Soils collected in this study were from waste dump yards of the Mahtani Chitosan (MC) Pvt, Ltd, India, having a 10-year history of enrichment with chitin wastes produced daily during processing of chitin-rich substances, such as shrimps, crabs, etc. In comparison with artificial enrichment of normal farm soil (Sato et al. 2010) , chances for identifying the new enzymes and microbes producing them increases in naturallyenriched soils. Soils collected from these dump yards become reservoir for many bacteria that utilize chitin over a period of time. Isolation of genes responsible for chitin degradation from these soils by metagenomic approach would lead us to obtain novel chitin-degrading enzymes.
Metagenomic DNA isolation from soils included prior treatment with pre-lysis washing buffer to remove impurities followed by crude DNA extraction as described by Ikeda et al. (2004) , with minor modifications. High-quality metagenomic DNA was obtained from MC soils with a clear band at 23 kb, both before (Fig. 1a) and after purification (Fig. 1b) . Since the presence of contaminants would interfere with downstream applications, purity of metagenomic DNA was assessed.
Isolated crude DNA was subjected to a rapid purification in 0.8% PVP-agarose gel using sodium borate buffer for electrophoresis (Fig. 1c) . Under standard electrophoresis conditions humic acids comigrate with the nucleic acids. Addition of PVP to agarose gel eliminated comigration by retarding the electrophoretic mobility of co-extracted humic acids. For electrophoresis traditional buffers like TAE and TBE, it requires a longer time (usually overnight) for migration of DNA in the gel and usually it takes overnight for PVP-agarose based separations. Due to their limitations of being high ionic strength and joule heat generation nature, electrophoresis cannot be performed at high voltage thereby increasing the time of separation and purification of DNA .We could reduce the run time to 25 min by using sodium borate buffer (Brody et al. 2004 ) for PVP-agarose gels in comparison with traditional buffers without any change in resolution. For recovery of separated DNA from agarose gel, many methods, such as enzymatic (Gelase (Epicentre, USA) and Agarase (Fermentas, USA)), gel extraction by solubilisation (Qiaex II, Qiagen, Germany), wizard mini columns (Promega, USA), centrifugation of gel slices and electroelution using dialysis membrane are available, but are not rapid and take considerable amount of time and cost. We have therefore employed Gene-Capsule assembly from G-Biosciences (USA) and DNA was electroeluted for 5-8 min in a fresh buffer at 80v/cm. The rapid DNA extraction method developed in this study produced relatively pure DNA with A 260 :A 280 ratio of 1.71 and, A 260 :A 230 ratio of 1.87.
Restrictability of isolated metagenomic DNA was confirmed with Sau3A enzyme digestion (Fig. 2a) . PCR amplification of 16S rDNA from MC metagenomic DNA samples resulted in amplicons of 1.2 kb (Fig. 2b) . Similarly, isolated DNA was used for amplification of conserved region of Chi-A gene using degenerate primer pair, as our soil sample is constantly enriched for chitin-degrading bacteria. PCR yielded a 250 bp product(s) that match the amplicon obtained for the conserved region of Chi-A of Bacillus cereus (Mabuchi & Araki 2001) belonging to glycoside hydrolase family 18 (Fig. 2c) .
The metagenomic nature of the isolated DNA was confirmed by DGGE of V3 (16S rDNA) region amplicons from MC sample, in 30-70% denaturant gradient gel (Fig. 3) . The DGGE pattern and the variation in the band intensities indicated the presence of different types of organisms and their relative abundance in the soil.
In conclusion, we report a modified direct lysis method for extraction and rapid purification of isolated metagenomic DNA using agarose-PVP gel followed by electroelution using low conductive media for electrophoresis. DNA obtained is of high quality proven by restriction digestion, and amplification of 16S rDNA, and also the conserved region of Chi-A gene. This method takes 30 min for purification, and ∼2 h for execution of complete protocol, making it a rapid isolation and purification method for soil metagenome isolation.
